Various anatomical factors were examined which might provide passive resistance to portal venous flow and so cause portal hypertension. Methods included the measurement of portal pressure (WHVPG) in cirrhotic and non-cirrhotic patients, morphological assessment by semiquantitative grading of severity of disease, calculation of hepatocyte size indices, and assessment of volume density of hepatocytes, sinusoids, Disse's space and Disse's space collagen by electron microscopy. The wedged hepatic venous pressure gradient increased with progression of disease and portal hypertension was present before histologicaily detectable cirrhosis had developed. With increasing progression of disease towards cirrhosis, the relationship between individual and aggregated features and the WHVPG diminished and lost statistical significance. Hepatocyte size increased with progression of histological changes and correlated significantly with increase of WHVPG, both in nonalcoholic and alcoholic patients. Disse's space coliagen was increased significantly in nonalcoholic chronic active hepatitis compared with patients with near-normal liver. No significant decrease of sinusoidal space was found. Multiple factors rather than any single feature influence the development of portal hypertension.
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Recent studies, largely on animals and patients with alcoholic liver disease, have suggested that anatomical factors other than compression of the liver vasculature by regenerative nodules' might play a role in the development of portal hypertension. Such flow obstructing factors could include the contraction of myofibroblasts,2 3 enlargement of hepatocytes and the collagenisation of Disse's space.
Intrahepatic portal hypertension has traditionally been associated with cirrhosis. Portal hypertension, however, has been found in precirrhotic alcoholic and non-alcoholic liver disease.8'"
The purpose of the present study was to determine whether individual anatomical characteristics could be identified as contributing to the development of portal hypertension, by causing passive resistance to flow in patients with chronic hepatitis before cirrhosis had fully developed.
Methods

PATIENTS
Clinical and biochemical data were obtained from 49 patients, admitted for liver biopsy. These patients were consecutively selected on the basis of (i) abnormal liver function tests, (ii) need for further diagnostic investigations, (iii) usually moderate or no alcohol intake. The biopsy specimens of a further 11 patients (six with chronic active hepatitis and five with alcoholic cirrhosis were added for the study of a limited number of questions (vide infra).
PRESSURE RECORDING
From all 49 patients informed consent was obtained to assess portal venous pressure by 
QUANTITATIVE LIGHT MICROSCOPICAL ASSESSMENT
The results of calculated hepatocyte size indices in 34 patients are summarised in Table II . The indices are inversely related to the cell size, that is, the higher the index, the smaller the cells. The indices of the patients with near normal liver differed from patients with non-alcoholic chronic active hepatitis but the differences were not significant. Significant differences were found between patients with near normal liver and cirrhosis however (both of alcoholic and non-alcoholic origin). Eleven abusers of alcohol had a lower hepatocyte size index (125 (9-8)) than 22 non-cirrhotic non-alcoholic patients (135 (10-0)); p<0-001). This difference was not related to the diagnostic histological categories (fatty change, hepatitis' cirrhosis) or to any other specific changes seen on liver biopsy.
The wedged hepatic venous pressure gradient (WHVPG) had an inverse relation to the indices (r=-0-350, p<005). In many biopsies of cirrhotic patients, the counts were rather constant at a low level (approximately 120-130), whereas in the patients with near-normal liver they were remarkably constant at a higher level. Occasionally, however, in cirrhotic patients very high scores were obtained (approximately 150-160).
VOLUME DENSITIES BY ELECTRON MICROSCOPY
The results of the assessment of volume densities of hepatocytes (Vh), sinusoidal space (Vs), Disse's space (Vds) and Disse's space collagen (Vdsc) are summarised in Table IV Dock (1942) . 19 Popper et al (1952)20 believed that arteriovenous channels might transfer high hepatic arterial pressure to the low portal pressure bed.
Current theories and research in this field are based on three aspects, namely passive resistance to flow (backward flow theory2), hyperdynamic portal circulation (forward flow theory22 23) and possibly humoral factors, which might actively increase of lower resistance to flow. Shaldon (1962)24 belongs to the first who worked along the hormonal lines finding increased concentrations of blood catecholamines in cirrhotic patients; he thought this to be responsible for increased resistance to flow. Contractile cells (myofibroblasts) respond to humoral factors with an increase in active resistance. 2 The present study was directed towards the possible role of anatomical changes in the liver which might provide passive resistance to flow. With progression of disease from chronic active hepatitis towards cirrhosis we found a significant increase in wedged hepatic venous pressure gradients. The correlations between pressures and morphological changes were maintained in all patients except those with cirrhosis and miscellaneous conditions. It must be assumed that other factors such as revascularisation were involved. It should be noted that increase in lobular changes accompanies progression in periportal changes. This hinders the analysis of the contribution of the separate changes seen by light microscopy to the increase in pressure gradients, because the proportional contribution of each of these factors cannot be assessed. Our findings help to explain the observation that, particularly in chronic active hepatitis, the WHVPG underestimates the portal venous pressure." A possible explanation is, that the pressure gradient drops initially because of resistance caused by periportal changes, whereas a further drop is secondary to sinusoidal and lobular components.
Hepatocyte size tends to increase with progression of hepatic disease, whatever the cause. This finding is in agreement with others."726 Assessment ofhepatocyte size is considered to be mandatory in any case of portal hypertension without obvious cause because hepatocyte enlargement might be the single pathological mechanism for portal hypertension.6 In a perfused liver model, osmotically induced hepatocyte enlargement was shown to induce portal hypertension.7 None of our patients, however, had an increased portal pressure without definite further changes on liver biopsy. Whether there is a 'critical value' above which the portal venous pressure rises more in relation to hepatocyte size6 has not been assessed in this study.
The volume density of the hepatocytes did not differ significantly between the four diagnostic groups. There were, however, problems of sampling. It was easy to select midzonal areas in patients with near normal livers or chronic active hepatitis, but problems arose with progression of changes towards cirrhosis. Certain random pictures were disregarded because they showed only collagen. Thus, although differences between near normal liver and chronic active hepatitis reflect 'true' differences, the differences between the other groups may in part reflect selection. The volume density of the hepatocyte mass (Vh) in the specimens used for electron microscopical analysis were similar, so that the changes in collagen relate roughly to the same amount of hepatocyte volume in areas where hepatocytes are present. In these areas the increase of collagen in Disse's space is a feature of alcoholic and non-alcoholic liver disease. The relevance of this observation for the development of portal hypertension is, however, hard to assess. In our specimens of non-alcoholic patients we could not show a significant decrease in size of sinusoidal space with progression of the anatomical changes. This finding is in agreement with others who found in contrast that alcoholics showed sinusoidal compression.27 Even if the size is not decreased, increased rigidity of the wall of the sinusoids might add to the increased resistance to flow. The resistance to flow is an inverse function of the fourth power of the radius and minor changes in the radius of the vessel might be responsible for major changes in the resistance to flow.
Our study does not provide evidence for or against the hypothesis that the increased sinusoidal pressure might itself induce fibrogenesis.5 However, many other mechanisms have been proposed to explain collagenisation.
The present study concentrated on a few of the many anatomical changes which may contribute to the passive resistance to portal venous flow. The level of assumed obstruction was a basis for the clinical classification of portal hypertension. Although this classification is helpful as a clinical guide, it should be realised that this will only partly correspond with reality because of the likely mixed origin of the level of obstruction and to the variety of other factors which determine portal venous pressure. Although in the early stages of disease some relationship between morphological changes and increase in portal venous pressure could be observed, a more definite model of portal hypertension should probably take both passive and active contributions to resistance to flow into account. It could be that in such a model our findings in early disease would remain relevant but that in endstage disease metabolic and humoral factors might become increasingly important.
Miss J Lewin and Mrs L Boxer provided invaluable help in processing specimens for electron microscopy. We are grateful to the staff of the Histopathology Laboratory for special stains. Mrs C Wood kindly advised on statistics and Mrs Nouri (Department of Nephrology) advised on morphometry. Dr R Dick and his staff (Department of Radiology) helped with the pressure studies. DJvL received support from the Netherlands Organisation for the Advancement of Pure Research (ZWO).
